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@ Uatfiod for dat^^tlng a target nudalc acid saquance. 

Targat nucfalo acid ta datactad by raorganlzlng an axcasa 
two comptamantary paira of fingia ttrandad probas, which 
hybridize to corrtlguoua targat saquancaa. Nucleic acid In the 
a^pla la annealed to the probea, and conttguoua aaquancea 
ara Ogated to form complamantaiy detactabta lUaad probaa 
complamanta/y to the original targat, and the tUaad probaa 
aarv^a aa a tamptata for fiirthar fUalona. The reorganized apaclaa 
being datactad la Inoreaaad at a geometric rata by cyclea of 
arinoallng ptobas to tha target, Ugatlng the annealed probes In a 
templata-dapandent mannari and separating tha fuaed probea 
firom the template to form new templatea. 
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This Invention relates to the detection of nuclete 
acid. 

Nuclelc :^ld hybrkfeatlon has been proposed to 
detect the. presence of a pertlcular nudeic acid In a 
sample. ^For ex^^r^ple, Falkow \JS. Patent 
No. 4.358.535 dtsclosee a hyt)rldlzatton assay In 
which ainglo-etranded DNA Is attached to a Alter; 
labeled, slngte-^tranded aampla DNA Is contacted 
with the filter; and hybridisation between aampfe 
DNA and the labeled, hybridized probe Is detected 
on the filter. 

Whiteley et al. EP 185494 discloses detecting a 
target nucleic acid sequence that has a diagnostic 
portion, by treating the sample with a probe 
complementary (under low stringency conditions) to 
the diagnostic portion and then treating the sample 
with a probe complementary (under high stringency 
conditions) to a cont^uous sequence. The dlagnos- ^ 
tic and contiguous probes are covalentiy attached* 
and the attached probes are detected after unat- 
tached probes are removed. 

Mullls U.S. Patent Nos. 4,e83,202 and 4,683,195 
disclose a process for amplifying a nucleic acid 25 
sequence by treating complementary nucleic acid 
strands with primers and extending the primers % 
using OKA polymerase to form a template for I 
synthesizing the desired nucleic acid. The '195 I 
patent features detecting DNA that has been 30 
amplified by that process. 

We have discovered a method for detecting the 
presence and abtmdance of a target nucteic acid 
sequence In a sample. The method Involves rapid 
cyclic template-dependent reorganization of an 35 
excess of probe sequences at a geometric rate, 
theraby rapidly Increasing the avallablllly of the 
sequence being detected and uiUmately increasing 
the sensitivity of the a$say. The use of this method is 
particularly advantageous when the target sequence 40 
is present In low levels, or when It Is an extremely 
minor component !n a sample containing other 
nucleic acid sequences. The process can be readily 
adapted to automation making It parttcularfy attrac* 
live for use in diagnostic kits. 45 

The Invention generally features, In one aspect 
(hereof* detecting a target nucteic acid sequence in 
a sample using a sfolchlometric excess of at least 
four single stranded nucleic acid probes. For 
convenience, the first and second probes will be 30 
called primary probes, and the third and fourth 
probes will be called secondary probes. The probes 
have the foHowlng characteristics. The first probe Is 
' capable of hybridizing to a first segment of a strand 
of the target nucleic acid sequence, and the second SS 
probe is capable of hybridizing to a second segment 
of the same strand of the target nucleic acid 
sequence. The first and second probes are selected 
to enable joining of the ST end of the first probe to the 
6' end of the second probe, when the two probes are SO 
hybridised to the target sequence, -I.e., the 6' end of 
the first segment of the target sequence strand is 
positioned relatlva to the 3' end of the second 



segment of that strand to enable joining of the 
probes. The first probe Is also hybridlzable tp the 
third probe, and the sec^snd probe Is hybridlzable to 
the fourth probe. 

The assay works as follows In a prefenred 
procedure: 

Sample DNA Is provided as single-stranded ONA, 
including two complementary target strands (a 
primary target strand and a secondary target strand) 
tf the target is double stranded. The four probes are 
Introduced to the sample DNA as four single strands 
so that the two primary probes hybridize to the 
primary target strand, and (If the target fa dovble- 
atranded) the two secondary probes hybridize to the 
secondary target strand. Next, the primary probes 
are llgated, forming a primary synthetlcelty fUsed 
probe sequence, and (for double-stranded targets) 
secondary probes are fused forming a Secondary 
synthetically fused probe sequence- The DNA is 
denatured, In effect doubling the target population In 
the sample. As the cycle of hybridization, ligation 
and denaturatlon Is repeated, the populatlpn of 
reorganized detectable fused probes Increased at a 
geometric rate. Where the target la single-stranded, 
the secondary probes lack a target strand until the 
second cycle, at which point the primary syntheti- 
cally tUsed probe sequence forms a template for the 
two secondary probes, and the assay proceeds as 
described above. The technique enables reorganiza- 
tion of the probe sequence, to form ihe fused probe 
sequence(s) being detected, at a geometric rate In 
accordance with the principles described below. 
Rapid reorganization provides excelij^nt sensitivity, 
using a simple protocol. Preferably, the cycle Is 
repeated 20^ times. 

It Is also preferred that the 5' end of the first 
section of the primary target strand abuts (Is 
contiguous with), and Is joined by a phosphate bond 
to, the 3^ end of the second section of the primary 
strand target, without any Intervening sequences, to 
provide efficient ligation, partlculariy enzymatic liga- 
tion, DNA Is the preferred nucleic acid, both for the 
probes and for the target The preferred method of 
separating complementary sequences Is by heat 
denaturatlon. Le.. melting. Preferably the probes are 
10-200 bases long. Additional (fifth, sixth, etc.] 
probes can be used which hybridize adjacent to the 
other probes and can be joined to^those probes In 
the same way. However, four prol>es are sufficient 
and preferred. 

The above described method can be used with 
sensitive detection systems, partlculariy systems 
Involving a combination of labeling entities pn two 
different probes. For example, the labeling entity on 
one probe can be a specWo binding partner for an 
Insoluble phase (e.g. blotin for ar^ avldln-functlon- 
allzed Insoluble phase), and the labeling entity on the 
other probe can be a chromophore or fluorophore. 
After the Insoluble phase has been exposed to the 
sample and washed, the presence of chromOphore 
orf luorophore on thai phase Indlcrfes the presence 
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of synthetically fused probe, and thereby Indicates 
tho prQserioQ of target In the sample. 

The Invention also features. In an alternatlva 
aspect thereof, a kh f or performing the assay. 
Including tha 'probas, the Ugase, and means to 
separately oontaln* the probes and tha Ugase. 
Apparatus for peiforrning the method Includes 
me^ina to hold a mixture comprising the target 
sequence, probes and llga$a, and means to cycle 
tha tamperatura of the mixture from a denaturing 
^emp^ratijra to a tempiorature allowing hybridization 
of the probes to the target. Preferably, the tempera- 
)ura is cycled automatically. 

Other features and advantages can be apparent 
from the followind description of the preferred 
embodiments . In the drawings: 

Fig. 1 la a diagrammatic representation of 
steps In a hybridization as^y : and 

Rg. 2 Is a graph depleting formation pf 
reorganized probes being detected as a func- 
tion of cycle number. 

The Invention la Illustrated by Fig. 1, which depicts 
stops In a hybridization assay for detecting a 
nucleotide sequenda present In low concentrations. 

Those dkllled In the field will recognize that there 
are numerous ways to perform various steps In the 
method. Generally, the steps can be performed 
using well-known techniques such as those da- 
scribed In Maniatis at ai.. Molecular Cloning, Cold 
Sprinq Harbof Laboratory (1992). For example, 
double-str&nded DMA can be rendered single* 
stranded by heai denaturatlcn ('mailing') at 
80*'C«10S"C for 1-5 minutes. Alternatively, enzy- 
matic strand saparatSon can be used. Probes or 
sub-segmanta can be synthesized using standard 
techniques fof synthesizing oligonucleotides, or by 
digesting naturally occurring ONA and Isolating 
fragments. Hybridisation conditions will depend on 
the length and degree of homology of the fragments 
Involved. Generally, the technique and conditions 
described by Wetmar et al. J. Mol. Biol. 31 :34M70 
(1966) can be iisad. Appropriato conditions and 
techniques for using nucleotide llgases are well 
known and are supplied by the manufacturer 

Certain features of this system, while not essen- 
tial, are preferred. In particular, only the V ends that 
participate In template-dependent joining should be 
phosphorylated by standard techniques. If they are 
not already phosphorylated. so as to suppress 
Joining Involving other 6^ ends. The lengths and 
sequences of probes are selected so that, should an 
Incorrect Joining of two probes occur (Ke. should two 
probes join In a manner not represented by a linear 
sequence on the Intended target) those Iniconrectty 
Joined probes wifl not serve as a template for the 
Joining of thetf cbmplementary probes, because the 
ende of the complementary probes will not be 
adjacant to ^ach other on a proper manner for 
enzymatic ligation. Praferably, the probes are bet- 
ween 10 and 200 bases long. 

Prefen-ed llgas$$ era those that do not tend to 
catalyze template Independent Joining of the probes 
under at least one ^et of reaction conditions which Is 
otherwise suitable for the procedure. For example, 
aatlsfactory results aro achieved with E. coll DNA 



Ugase (available from U.S. Biochemical) or T. 
themiophllus ONA Ugase in the iobsence of high 
concentrations of volume excluding solutes, or With 
T4 DMA liga^e on the presence of about 5.0 mM ATP^ 
S See, Zimmerman at al.. Rroc. Nat'L Acad, gdi 80. 
5862 (1983); TakahashI, M.. Uchida.T. J. 
Slochem. 100, 123 (1986); and Ferretl et al.. Nuc: 
Adds Res. 3 . 3695 (1981). ' 
It Is also preferred that the Ugase enzyme not b^ 

w danaturad by the step intended to dissociate duple^t 
DNA Into Its constituent strands. Where denafura^ 
tlon Is accomplished by Increasing the temperafure. 
a thermo-stable llgase la jpreferable. The benefits or 
such an enzyme Include decreased reagent cost' 

IS decreasad operating complexity, raduciion of 
amount of undesirable componSnts added (th^ 
enzymes are often stored In bi^ffera contalhlngl 
glycerol), and potentially greater shelf life for the 
reagents. The preferred thermostable llgase Is llgase 
\ SO from Themius thermophilus (e.g. ATCC 27634) 
purified by tho general technique of TakehashI et al., 
J. Biol. Cham. 259. 10041 (1983). 
: Rg. 1 ahows a hybridization a$say detectlnti a 
double-stranded target DNA sequence, represented 

2S by T-P . The target sequence Is present in a sarhple 
containing many unrelated DNA sequences: 

The assay features a kit containing twO com- 
plementary pairs of probes, represented by Pi-Pi' 
spd Pa-Pa'. In a standard solution, these probes ar^ 

30 selected to be complementary to various portions of 
the target sequence. Specifically, Pi Is compfemen-f 
tary to segment A of strand T; Pa to complementarj^ 
to segment B of strand T: Pi' Is ebmplementaiy to 
segment A of strand V\ and Pz^ Is dompiementary to 

3S segment 8 of strand T. The probe's are selected to 
be long enough to provide selecidve hybridl?atlon; 
and to generate a ftjsloh sequence that Is readily 
distinguished from other sample components. We 
have found that pr'obes of 10^200 bas^s ar^ 

40 satisfactory. Most preferably, the probes are bet- 
ween 12 and 50 bases. The probe's are provided Iri 
large excess to drive the reaiQtions 'described below; 
For example, the probe concentration preferably Is 
between about 10^^ and 10^^ mofecuies per 60 \iL 

46 reaction volume. 

One cycle of the method (s lllustrafed by 
Figs. 1A-1D. First (Fig- 1A), the sample ONA la 
denatured. Then hybridization la parmlttad (Fig. 1B). 
If T la present In tha sample, there Is a reiatlvety high 

SO likelihood that T will ancountar ?\ and Pa, and forrn 
the species Indicated in Rg. IB. Slmllariy. V will 
encounter Pi' and Pa'- 

The next step in the cycle is addition of a llgase 
that win llgate the adjacent probe ends (Fig. 10), but 

SS generally will not llgate blunt ends of DNA In the 
sample. After ligation, the sample Is subjected to 
denaturing conditions (Fig. ID), yielding th? fused 
probes Pi-Pa and Pi'-P/. From that point, thi 
sanple Is ready for a new cycle of hybridl7at|on-IIg^ 

60 tlon-denaturatlon« 

As win be seen from this example of one cycle, th^ 
sample Increases, from one double-stranded tern;* 
plate Ti-Ti' at tha beginning of the cycle to tw^ 
double atranded templates. Assuming ideal effl- 

$S clency In the next cycle, each of these two synthetic 
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dciibfe-atranded templatea, as weO as the original 
larger, wlO yield two double-stranded templatee. 
Table 1 alhowa this progression for n cyclea, where X 
to the number of T-Ti paira befora cycle 1. 



No, of Cyctea 



Table 1 
No, of 



No, of Pl^-P2^ 



1 


1 • X 


1 -X 


2 


3 • X 


3 -X 


3 


7 "X 


7«X 


• 


15 • X 


16 -X 


! 


(2^1)X 


(2f-1)X 



Since the apactes Pi-Pa (and. If desired Pi'-Pa' ) 
la detectable, repeated cycles Improve detection 
sensitivity, up to a point For each cycle, there la a 
very snriall but finite chance of forming P1-P2 or 
Pi'-Pa' by blunt end ligation In the absence of T or T, 
Once this event occurs, the llgated species Is 
Indistinguishable from the presence at the outset of 
T or r, Uiplting the number of cycles reduces the 
opportunity foi'such a falsa posltlva reading. Also, at 
some point the unfused probes are depleted to a 
level that cannot drive the desired reaction, and 
there Is less chanca that fused probes will hybridize 
with unfused probes (as opposed to the unproduc- 
tive hybridization of two fused probes). 

Fig. 2 shoWs curves depicting the number of 
detectable fused probes present In the mixture as a 
function of the number of cycles. Depending on X 
(the number of target probed originally present), the 
number of reorganized fUsad probes will Increase 
geometrically according to the above equation, up to 
some level at which the rate of Increase slows 
dramatically. By plotting thia relationship against 
afandarda, and determining how many cycles are 
required to reach a given level, It Is possible to 
determine the quantity of target present Initially. 

C Example 1 

Four deosQfribonucleotlde oligomers were pre- 
pared by standard methods. The oligomers had the 
following aaqqencss: 

Pi - S'GCQGATCCTCTAQAGTCQACCTQCA3' 
P2 - 5' AATTCQAQCTCQGTACCC 3' 
Pi' - 5' QQTCQACTCTAQAGGATCCCC 3* 
Pa' « .GGQTACCGAGCTCQ 3' 

Pi and Pa are abutting sequences on one strand 
of the polytlnker region of the plasmid pUC18, and 
plasmlds Pi' and Pa' are abutting sequences on the 
complementary strand 

Prirneris Pi' and Pa were treated with polynucleo- 
tide kinase and ATP to render their Sf enda 
phpsphorylated. Primer Pi was radloactlvely labeled 
at Its 3' and by treatment with terminal transferase 
and a-^2p^cTP: 

D^Examgle 2 

Sampioswere prepared which contained 30mM 
TrlsO pM8.0, 1(X) mM NaO. 1J2mM EDTA« i.OmM 
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20 



2$ 



30 



35 



4S 



SO 



6S 



60 



6S 



MgCh. iJOmH dithlothreltol, 60(i/ml; Bovine Seruin 
Albumin, 20}ig/ml oif Hela ONA ptqa 2b}ig/m( 
aonapeciflo oligonucleotide DNA (9.0-. the following 
20 men ff-ATCGATAciATCAQGAATATT-aO, Vg/m| 
of each of the probes of Example 1 and variou^ 
amounta of pL)Cia plasmid DNA linearized 'at the 
EcoRI cleavage site. 60^1 anquota of these samples 
were subjected to the following steps: 

(a) heat to lOC'C for 1 minute to denature the 
DNA 

(b) Incubate at STC for 1 minute to allow 
DNArenaturatlon 

(c) add 50 unlt sg. coH DNA Hiaase (using units 
defined by the manufacturer, United States 
Biochemical Corporation) 

(d) Incubate at src for 1 minute to allow 
Joining of appropriately Juxtaposed probe's 

Steps (a) through (d) were repeated between 20 
and 50 times. Allquots were removed, treated to 
destroy residual llgase activity, and saved. The' saved 
allquota were analyzed by polyacrylamlde g^ elec- 
trophoresis and auto^dlography. the time of ap- 
pearance (In number of cycles) of detsotabfe 
quantities of joined material strongly correlates with 
the number of target molecules Initially present In 
the reaction. 

Other embodiments are feasible. 

For example, RNA can be used as well as DNA. 

In the examples, Hela DNA sthJ a honspeclflc 
oligonucleotide were Included to protect the probe 
from degradation by nucleases that might be 
present In the sample. However, these are not 
essential. 



Claims 



1. A method of detecting target nucleic acid 
In a sample comprising the steps of: 

(a) providing nuctelo acid of the sample as 
alngle-strandadnUcielcacid; : 

(b) providing In the sahiple at least four inucleld 
add probes, whefeln: Q the first and second of 
said probes are primary probes, and the tfiird 
and fourth of said probes are secondary nuclelq 
acid probea; II) the first probe Is a stngle'strand 
capable of hybridizing to a first segment of a 
primary strand of the target niKrlalc acid; ill) the 
second prob« is a single strand capable of 
hybridizing to a second segment of said {primary 
atrand of the target nuclelo acid aequehce; Iv) 
the 6' and of the first segment of aald primary 
strand of the target Is positioned relative to thd 
t3' end of the second segmerit of iaid (primary 
strand of the target ot enable Joining of the 3* 
end of the first probe to ttve end of the 
second probe, when said probes are hybridize^ 
to said primary strand of said target nuclelo 
acid: V) the third probe la capable of hybridizing 
to the first probe; and vl) the fourth pTobe Is 
capable of hybricflzing to the s4cond prol)e: and 

(c) repeatedly performing the following cycle: 

i) hybridizing said probes witti nuclelo acid In 
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said sample; 

0) Ogattng hybi1cll?QCl probd9 to form raor- 

Qantz^ fused probe sequeneas; and 

Ul) denaturtng DMA In sdfd dampta; and 

d)' datoctfng Iho reorganized lUsed proba 5 

$aquencaa; ' 

whereby with diicc9«slve cydaa the quantity of 
raprgsjilzad liised prlmaiy andfuaad aeconcl^ry 
probes ts bicr9a$ad. 

a A ^nathpd according to Oaim 1, wherein ' 10 
tt)e 5' end of the first segment of said primary 
atrand of the target sequence abuta, and la 
Joined by a covalent bond to. the 3' end of the 
aecond seg/nent of auld primary atrand of the 
target aequence. without Intervening b^ea. is 

15, A method ac<:ordIng to Clalma 1 or 2, 
wherein the prQbes are Joined by an enzyme. 

4. A method according to Claim 3, wherein 
the probes $re Joined by a llgaae. preferably a 
bacterial ilgase. 

6. A method according to Claim 4, wherein 
the Ogase la Eacgerlchia poll ONA ilgase or 
Themiua thermophllua DNA Ilgase. 

e. A method according to any preceding 
cl?im, wheraln the nucleic acid probes are DNA. 25 

7. A method according to any preceding 
claim, wherein the target nucleic acid sequence 
la ONA. 

8. A method according to any preceding 
clalm» wh$rein the fused nucleic add la separ- so 
ated from the target sequence by heat denatur- 
atlcn. 

9. A method according to any preceding 
claim, wherein aald cycle Is repeats^ at least 
twice, praferaiDly between 20 and 60 times. 35 

10. A method according to any preceding 
claim, wheroln the 5' end of the second probe 
but not of the first probe la phosphorylated. 

11. A method according to any preceding 
claim, wtierein the target sequence la double- 40 
atranded before step (a). 

12. A method according to any preceding 
cla^, wheraln at least one of said probes la 
labelled with a labelling entity, 

13. A method according to Claim 12, wherein 45 
boO) of said primary probes are labelled with a 
labelling entity: 

14. A method according to Claims 12 or 13, 
wherein both of said $econdery probes are 
labelled with a labelling entity. so 

16. A method according to any of Claims 12, 13 
or 14, wherein the or at le^st one said labelling 
entity comprlsos a chrombphore orflurophore. 

10. A method according to any of Claims 12, 13 
or 14, wherein the or at least one said labelling SS 
entity comprises a apeclflc binding partner for 
an Insoluble phase. 

17, A Mt for performing an assay In accord- 
ance with any preceding dalm comprising said 
probes, a nucleic add llga$e. and means so 
adafDted to contain said probes separately from 

dald nucleic acid ilgase. 

1& Apparatus for performing a method In I 
a^rdanbe with any of Claims 1 to 16, 
coniprislhg: means adapted operatlvely to hold es 



a mixture compriaing said target sequence, 
said probes and a Hgase; and means adapted 
operatlvely to cydo thk temperature of said 
mixture between a first temperature that dene- 
tures nucleic add In said sample and a second 
temperature allowing hylirldteatton of the 
probes to the target 

19, Apparatus according to Oalm 18. wherein 
aald means adapted to cycle temperatu)'e 
comprises me^na adapted operatlvely to vary 
said temperature automatlc^ly. 

20. For use In a method of detecting target 
nucleic add In a sampie, a let of at least fobr 
nucleic acid probes as defined In any of 
Claims 1 to 16. 



EP 0320308 A2 



I 




FIG.IA 



I 

+ D 




T FIG. IB 



FIG. IC 



FIG. ID 



EP 0320308 A2 




